A current profile of antimicrobial resistance and plasmid of 29 Lactococcus garvieae and one Lactococcus lactis strains isolated from rainbow trouts (Oncorhynchus mykiss) from farms throughout Turkey were investigated. All isolates were sensitive to penicillin G (90%), ampicillin (86.7%), florfenicol (83.3%), amoxicillin (80.1%), and tetracycline (73.4%), and resistant to trimethoprim+sulfamethoxazole (86.6%) and gentamycin (46.6%) by disc diffusion method. Twenty-eight (93%) isolates had two to seven antibiotic resistance genes (ARGs) determined by PCR. The most prevalent ARGs were tetracycline (tetB), erythromycin (ereB), and β-lactam (blaTEM). Bacterial strains were also screened for plasmid DNA by agarose gel electrophoresis and two strains harboured plasmids, with sizes ranging from 3 to 9 kb.
Introduction
Lactococcus garvieae (junior synonym -Enterococcus seriolicida), the bacterial pathogen causing lactococcosis, is a zoonotic pathogen, which has been isolated from various sources such as fish, human, terrestrial animals, and food products. It causes great economic losses in the aquaculture industry worldwide (5, 26) . L. garvieae is also isolated from the milk of cows, buffalos with mastitis infections, and from clinical specimens of human such as blood, urine, and skin (5, 8) . Therefore, this bacterium has an increasing clinical significance in the fields of fishery, as well as veterinary and human medicine. L. garvieae has been isolated in yellowtail (Seriola quinqueradiata) in Japan (15) and has subsequently been found in many areas, including Turkey (9) .
The aquaculture production is considerably large in Turkey. Rainbow trout (Oncorhynchus mykiss), Black Sea trout (Salmo trutta labrax), sea bass (Dicentrarchus labrax), and sea bream (Sparus aurata) are the most extensively cultured fish species. The development of fish production engenders the problems of diseases and, consequently, economic losses. Only several kinds of antimicrobial agents, including florfenicol, enrofloxacin, and oxytetracycline, were successfully approved for the treatment of fish diseases in Turkey (12) .
There is an increasing international concern regarding the potential transfer of the antimicrobial resistant bacteria between animals and humans. Antibiotic resistance genes (ARGs) in plasmids can also spread between bacterial strains of animals and humans in aquatic environment (1) . Generally, transference of resistance determinants occurs by mobilising genetic elements including plasmids, transposons, integron, and gene cassettes, and these elements are important factors that can contribute to an increase in multiresistant bacteria. The prophylactic and therapeutic use of antibiotic drugs also results in the occurrence of drug resistant bacteria and ARGs in the aquaculture environment. Thus, antibiotic treatments often fail in fish farms (4, 18) .
The literature on the studies on ARGs of Lactococcus isolated from fish is limited. In a previous study, a total of 146 L. garvieae strains isolated from fish were tested for antibiotic susceptibility and screened for the presence of transferable R-plasmids using a conjugation experiment and Southern hybridisation (17) . Therefore, it is important to investigate bacterial susceptibility to antimicrobial agents and to detect the presence of ARGs in aquatic organisms. In the present study, we aimed to determine the antibiotic resistance and the presence of related ARGs, including tetracycline (tetB, tetS), erythromycine (ereA, ereB), sulphonamide (sulI, sulII ), β-lactam (ampC, blaTEM, blaPSE), trimetophrim (dhfr1), aminoglycoside (aadA), and florfenicol (floR), in the Lactococcus isolates. All isolates were also screened for plasmid DNA by agarose gel electrophoresis. A strain of L. lactis was isolated in another study in Turkey. All the isolates were stored at -80°C in 15% to 20% glycerol containing tryptic soy broth (TSB, Merck). For the analyses, they were inoculated on tryptic soy agar (TSA, Merck) and incubated at 30°C for 18 h.
Material and Methods

Bacterial
Antibiotic susceptibility tests. Susceptibility of all bacteria was determined by the agar diffusion method using 6 mm diameter commercial discs (Oxoid, U.K.) containing the following antibiotics (µg/disc): florfenicol (30), enrofloxacin (5), erythromycin (15) , amoxicillin (10), oxytetracycline (30) , tetracycline (30) , penicillin G (10 U), gentamycin (10), trimethoprim +sulfamethoxazole (25) , and ampicillin (10) . Antimicrobial tests were performed on Muller Hinton Agar (MHA, Oxoid, U.K.) plates. The bacteria were incubated overnight at 30°C and bacterial optical density was adjusted to be approximately equal to 0.5 of McFarland Opacity. The bacterial suspension (0.1 mL) was poured on MHA plates and spread with sterile swab. Antibiotic discs were dispensed on the surface of the plates with sterile pliers, and the plates were incubated aerobically at 30°C for 48 h. After incubation, the zone diameters were measured with a ruler. The susceptibility of the isolates was determined according to Performance Standards for Antimicrobial Susceptibility Testing: Twenty-First Informational Supplement, Zone Diameter Standards for Enterococcus spp. (7).
Genomic and plasmid DNA preparation and PCR assays for detection of ARGs. At first, all L. garvieae isolates were confirmed by PCR assay as described by Altinok (2) . Briefly, a forward primer LgF (5'-CCA ACT TCC GTG GTG TGA CG-3') and a reverse primer LgR (5'-AGT GGC TCA ACC ATT GTG TGC-3') for PCR amplification of a less conserved region of the small subunit (16S) ribosomal RNA (rRNA) gene sequence of L. garvieae were synthesised by Life Technologies (Grand Island, USA). The predicted size of the amplified product was 857 base pairs (bp), based on the DNA sequence (GenBank accession number FJ915634). Genomic DNA of all isolates was extracted as template for PCR assay by QIAamp DNA mini kit (Qiagen, Germany), according to the manufacturer's instructions. To increase the DNA yield of Gram-positive bacteria, the manufacturer's instructions were modified and the lysozyme treatment was extended to 1 h. The RNA/DNA calculator (Spectrophotometer, Biorad, USA) was used to measure optical density at 260 and 280 nm, and then the quality of the DNA was analysed in agarose gel (1.2%).
Primer sequences used for PCR amplification of 12 ARGs (tetB, tetS, ereA, ereB, sulI, sulII, ampC, floR, dhfr1, blaTEM, blaPSE, and aadA) were selected based on the published articles (Table 1 ) and confirmed by Genbank. These ARGs have been generally used in the studies on aquatic organisms.
The presence of ARGs, including erythromycin (ereA, ereB), tetracycline, oxytetracycline (tet(B), tet(S)), sulphonamide (sulI, sulII), β-lactam (ampC, blaTEM, blaPSE), trimetophrim (dhfrA1), gentamycine (aadA), and florfenicol (floR), was analysed in 30 Lactococcus strains by PCR. Each PCR reaction mix (25 µL total) included 100 ng of sample DNA, 100 ng of each primer, 12.5 μL of 2 × Master Mix PCR mixture (Qiagen, Master PCR kit), and 9.5 μL of distilled water. MgCl2 concentration was optimised for each primer set. As a negative control, all primer sets were tested with sterile water. DNA amplification was performed in a thermocycler (SensQuest, Germany) under the following conditions: initial denaturation at 94°C for 5 min, followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 38-60°C for 30 s, extension at 72°C for 45 s, and final extension at 72°C for 10 min. Ten microliters of PCR products were subjected to electrophoresis in 1.2% (w/v) agarose gel prepared with 1 × TAE (Tris-Acetate-EDTA) buffer and run at 100 V for 45 min. Then, the DNA bands were stained with ethidium bromide and viewed by UV transillumination. The sizes of the PCR products were determined by comparing them with the migration of 100-bp DNA ladder (Bio Basic, Canada). The plasmids were extracted using QIAprep (Qiagen) Mini Kit according to the procedure described by the manufacturer. This procedure was modified, and the lysozyme was added. Extracted DNA plasmid was subjected to electrophoresis in 0.7% (w/v) agarose gel (1×TBE) and run at 100 V for 1 h. The products were stained in ethidium bromide, and viewed by UV transillumination.
Results
A total of 20 Lactococcus isolates showed a multiple-antibiotic-resistant phenotype. The following antibiotic resistance of the isolates was observed: florfenicol -0%, penicilin, ampicillin, tetracycline, and oxytetracycline -10%, amoxicilline and erytromycine -16.6%, gentamycin -46.6%, enrofloxacine -36.6%, and sulphamethaxazole + trimethoprim -86.6%. The isolates had the highest resistance rates to sulphamethaxazole + trimethoprim. The results also demonstrated available individual and multiple resistance to antibiotics in L. garvieae. A total of 30 isolates of Lactococcus showed resistance to all antibiotics tested (except florfenicol) ( Table 2 ). In total, 93% of the isolates were resistant to 2 or more antibiotics, and multi-resistance was detected to at least 2 different classes of antibiotics in all isolates. The presence of all 12 different ARGs was determined in 30 Lactococcus isolates individually. The results of the PCR assays are shown in Table 3 . PCR amplification was performed for 9 of these gene regions and these ARGs resulted in the amplification of DNA fragments with various band intensities, and their sizes ranging between 284 (aadA) and 859 (blaTEM) bp (Fig. 1 ). All bacterial isolates had two or more ARGs (multi-resistant bacteria). The most prevalent ARGs were found to be tetracycline (tetB), erythromycin (ereB), and β-lactam (blaTEM). Although 1 of the 2 tetracycline ARGs (tetS) was only found in 2 strains, the other (tetB) were detected in most of the strains. Plasmids extracted were seperated on 0.7% agarose gels for 1 h. In total, 2 strains (164 A/03 and 8053) belonging to L. garvieae, were found to harbour one of the plasmids, with sizes ranging from 3 to 9 kb (Fig. 2) . The ARGs patterns of these strains harbouring one plasmid were similar, and all of them had 3 ARGs (Table 3) . 
Discussion
In aquaculture, the use of antimicrobial compounds when they are necessary is the most appropriate method for control of bacterial diseases, as well as environmental conditions and protective measures (14) . Historically, antimicrobial agents have been used to control infections caused by the Streptococcus genus in fish. However, the unrestrained use of these agents has led to an increase in antibiotic resistance (29) . In the present study, we observed the antibiotic resistance of Lactococcus strains using phenotypic methods, and then multi-resistant isolates were selected for further analyses of ARGs and plasmid.
All isolates investigated in this study had two or more ARGs. The tet(B) and ereB RGs were detected more frequently than others, reflecting the higher use of encoding antibiotics in intensive fish farming. The rapid spread of tetracycline resistant determinants among the bacterial populations is due to the location of tetracycline genes on mobile elements such as plasmids, transposons, and gene cassettes (25) . In a previous study, most of the tested L. garvieae strains showed high levels of resistance to erythromycin and tetracycline, and some of these strains were shown to carry transferable R-plasmids (17) . In the present study, it was found that tetracycline ARGs were common in Lactococcus strains. The tet(B) gene was one of the most prevalent ARGs detected in this study. A possible transfer of tet(M) from the L. garvieae chromosome to Enterococcus faecalis chromosome was described (19) . On the other hand, bacterial resistance is usually associated with the presence of high molecular weight plasmids (16) . Two L. garvieae strains have been found to harbour small plasmids, with sizes ranging from 3 to 9 kb. It can be assumed that the spread of resistant determinants among the Lactococcus isolates is due to the location of these genes on chromosomes.
Erythromycin can be used to treat infections caused by Gram-positive bacteria including Lactococcus, Streptococcus, Staphylococcus, and Haemophilus genera (27) . However, we found that oxytetracycline and ampicillin were phenotypically more effective than erythromycin. Erythromycin resistance determinants include Erm methylases, efflux pumps, and drug inactivating enzymes. We used primer sets of ereA and ereB genes for detection of the drug inactivation. The ereB gene was commonly detected (63.3% of the isolates), while ereA was not detected in Lactococcus strains. In a previous study, the drug resistance of L. garvieae isolated from cultured yellowtail was investigated, and it was found that 44% of the isolates were resistant to erythromycin and oxytetracycline. All resistant isolates possessed ermB and tetS genes (11) . In our study, 10% and 16.6% of L. garvieae isolates were resistant to oxytetracycline and erythromycin respectively. Moreover, most of the strains had related ARGs (tetB, ereB).
It was demonstrated that β-lactam antibiotics were the most effective compounds in growth inhibition of L. garvieae (10) . In our study, florfenicol and β-lactam antibiotics, including penicillin, amoxicillin, and ampicillin, were found to be the most effective agents against L. garvieae strains. However, blaTEM ARG were found in 12 of all investigated strains, while blaPSE and ampC genes were not detected in any of the strains. Florfenicol is a new antibiotic introduced to aquaculture a few years ago, and it has been successfully used for the treatment of bacterial fish diseases in Turkey (12) . In the present study, most of the isolates (83.3%) were sensitive to this antibiotic. The floR ARGs were also detected in 14 (46.6%) isolates. It was demonstrated that the use of florfenicol has extremely increased in recent years.
Therapeutic options of antibiotics, including aminoglycoside and sulphonamides, may be limited in the case of infections caused by Gram-positive bacteria (18) . For this reason, although Lactococcus isolates were resistant to sulphamethoxazole and gentamycin, most strains had no related ARGs. The investigation of the presence of ARGs in bacteria isolated from fish farms is important with regard to the potential transportation of ARGs from fish pathogens to human bacterial pathogens (16) . The results of this study revealed phenotypic and genotypic antibiotic resistance in Lactococcus spp. isolates, and provided insights into understanding resistance mechanisms of Lactococcus isolates in fish. There is a poor relationship between the phenotypic and genotypic resistance in Lactococcus strains. The study opens the opportunity to perform further studies that could determine the possible role of ARGs in fish. Trb  -+  -+  --------235-16  -+  -+  --------Muğ 1  -+  -+  -+  ------Muğ 2  -+  -+  -+  -----+   Lgper  -+  -+  ---+  ---+   M 300  -+  -+  --------G-27  -+  -+  -+  ------PP6O  -+  -+  +  +  -+  ---+   2398  ---+  --+  -----1684  -----+  -----+   164 A/03  --+  --+  -----+   532  --+  --+  -----+   ATCC  -----+  -----+   Akoluk  -------+  ----399-18  -+  -+  ---+  ---+   Ö. Eskit  -+  -+  ---+  ---+   671-14  -------+  ---+   Muğ 3  ---+  ---+  ----A-58  -+  -+  ---+  ----FTPI  -+  ---+  -+  --+  +   498  -+  ---+  -+  --+  +   8053  -+  ----- 
The frequency of resistance to sulphamethoxazole + trimethoprim and gentamycin remained high in L. garvieae. Moreover, most of the strains possessed tetB and ereB ARGs. This study is important in terms of reporting antibiotic resistance genotype and phenotype of Lactococcus isolates, which may be a significant source of possible diseases occurring in Turkish aquaculture.
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